
sible to calculate differences in valve position as large as 20%. Following 
design procedures for determining cavitation (13,14), torque (1), maxi- 
mum possible flow (9), and transients (16) can result in errors and dif- 
ferences as large as 150-200%. 

Therefore, it is recommended that the testing of control valves should 
carefully consider the effect of pipe friction between the test pressure 
taps; and pipe friction should be accounted for in the testing of control 
valves that have C../D 2 values greater than 20. Also, it is recommended 
that tests for the flow coefficient should use pressure taps located at a 
minimum of 1 diam upstream and at 10 diam downstream of the valve. 
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Acceptable Walking Distances 
in Central Areas/^ 

By Prianka N. jse neviratne 1 
(Reviewed by the Urban Transportation Division) 


Abstract: Pedestrian walking distances in a central business district are mostly 
dependent on the arrival mode in that central business district and the layout 
of the transportation network on which these modes operate. Changes to the 
existing pattern of operations, in terms of the location of new transportation 
facilities or relocation of existing facilities, can have a significant impact on walking 
distances. However, often the prime concern has been the impact of these 
changes on the flow of traffic, with little or no emphasis on the pedestrians. 
As opposed to arbitrarily derived acceptable walking distances suggested by 
some researchers, an approach based on findings from a series of surveys con- 
ducted in Calgary, Alberta, Canada, is proposed. A set of characteristics that 
influence the distribution of walking distances is identified. Depending on the 
form of the distribution, the "critical" distance that would be acceptable to a 
group of people can be derived using simple calculus. The critical distance will 
be the distance at which the rate of change of the slope of the frequency dis- 
tribution of the walking distance for that group of people is greatest. Since the 
walking distance distributions indicate the propensity to walk, they indirectly 
represent the actual feelings of the people. This approach also facilitates deci- 
sions regarding locations, even where information regarding walking habits is 
scarce or unavailable. The application of Bayesian statistical decision theory en- 
ables one to estimate the appropriate distribution and the critical distance as- 
sociated with it. 


^ major problem faced by most city engineers and planners is deter- 
g the "optimal" locations for parking facilities, transit stops and 
trian facilities, such as overpasses, crosswalks or bridges. This 
i is no less severe in smaller cities than in larger cities, anywhere 

d the globe. 

obvious that the problem is caused by the conflicting interests of 
fs, engineers, motorists, operators of transit systems, and their 
, passengers. For instance, passengers and motorisfs become 
ns, with a main objective, especially during the morning peak, 
ng their destinations as quickly as possible. During the after- 
Pcak hours, they want to get to their respective vehicles as quickly 
ible and have a quick ride home. 

ty/ motorists would like to park adjacent to their ultimate desti- 
' and the transit authority would like to locate its stops or ter- 
as close as possible to the major generators. Furthermore, these 
1 also expect easy vehicular access to and from the parking lots or 
8t ops onto the main arterials that will take them to their respec- 
Bjtions. 
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In the quest for solutions that would satisfy these conflicting needs, 
most local authorities have preoccupied themselves with deriving meth- 
ods that would alleviate traffic congestion. For example, parking control, 
traffic management schemes, "pedestrian-only” areas and transit malls 
are some measures adopted in various cities. However, those respon- 
sible for these schemes have rarely examined the needs of pedestrians 
with regard to walking distances. 

This paper reports some findings on factors affecting pedestrian walk- 
ing distances, and suggests a means of determining acceptable walking 
distances which, in turn, could be incorporated in the facility location 
process. 



FIG. 1.— Downtown Calgary Pedestrian Study Area Boundaries 



FIG. 2. — OD Survey Locations and Plus-15 System 
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From the pedestrian's point of view, one means of determining the 
optimal location of facilities is based on the frequency distribution of 
walking distances. These distributions provide some information about 
people's propensity to walk. Depending upon the form of the distri- 
butions, a decision can be made regarding the maximum acceptable 
walking distances and, thus, the appropriate locations. 


Data Collection 

The suggestions and conclusions in this report are based on a series 
of surveys conducted in the central business district (CBD) of Calgary, 
Alberta, Canada. The CBD of Calgary has a daytime working population 
of approximately 82,000 and a residential population of 9,500. The study 
area shown in Fig. 1 consists of approximately 75% of the land area and 
buildings given in Table 1. 

An origin-destination (OD) survey provided information on pedes- 
trian walking distances and the factors affecting the choice of route. A 
|0tal of 36 locations shown in Fig. 2 were covered in nine days by six 
interviewers who intercepted pedestrians at random at entrances to 
atildings, transit stops, midblock sidewalks and elevated walkways. The 
t®ie periods in which the surveys were conducted were 7:30-9:00 and 
Uk00-ll:30 a.m., and 12:30-1:30, 2:30-3:30, and 4:00-5:00 p.m. These 
MWe periods covered most types of trips, e.g., commuter, shopping, and 
■riteiness trips, during peak and off-peak periods; they also made suf- 
gkut rest periods for the interviewers possible. A total 2,900 interviews 
obtained, 2,685 of which were eventually usable. 

Pte information related to walking distances was obtained by request- 
respondents to indicate the path taken between their origin and 
■ri destination within the CBD on an elaborate 1 in.:400 ft map of the 
1 area. In addition, the respondents were asked to select the factor 
pteould best describe their reason for selecting that path. For origins 


TABLE 1 . —Downtown Calgary Statistical Overview: 1981 




m 


ent population 
tial population 


1 


e space 

*y ^nes into downtown 
main-line bus routes 
-i express bus routes 
P**es to downtown 
parking stalls 
1 Peking stalls 

-■ri downtown area assigned 




82,200 

9,500 

15 sq miles (39 km 2 ) 

19 million sq ft (1.77 million m 2 ) J 
30 
20 
15 
1 

22,000 

11,000 


area used by traffic lanes 

23 
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Trip Type 


Statistic 

0) 

To shopping 
(2) 

To parking 
(3) 

To bus 
(4) 

To LRT 
(5) 

To eat 
(6) 

To h on* 

Mean 

Median 

Mode 

Standard 

1.0% ft (334 m) 
1.015 ft (309 m) 
650 ft (198 m) 

1.136 ft (346 m) 
1.057 ft (322 m) 
850 ft (259 m) 

820 ft (250 m) 
705 ft (215 m) 
550 ft (168 m) 

940 ft (287 m) 
868 ft (265 m) 
550 ft (168 m) 

922 ft (281 m) 
913 ft (278 m) 
350 ft (107 m) 

2 ' noft 

2.543 ft <775 J 
3,125 ft 

deviation 
Number of 

476 ft (145 m) 

4% ft (151 m) 

384 ft (117 m) 

412 ft (126 m) 

495 ft (151 m) 

1 538 ft (l 64 ^ 

cases 

Percent of 
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160 

4 6 
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7.6 
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23.2 

9.7 
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JB- 3.— Cumulative Frequency Distributions of Walking Distance from Place of 


fee outlined in the following to illustrate the way such plans would af- 
each of them. 

Trip Type. — The trip types are defined in relation to land use at the 
and final destination. For instance, a CBD employee who arrived 
CBD by bus or returned home by bus would be defined as a bus- 

^•Work trip. 

■Bjotal of 31 different trip types were identified. Only the ones with 
■y large sample sizes are considered here. A statistical summary of 
distances related to six work-based trips (i.e. with one end of 
^ J ourney at the place of work) are shown in Table 2 and the distri- 
BOns are shown in Fig. 3. These trips make up over 50% of the total 


Mean Walking Distance to or from Mode of Arrival in Downtown 


Mode 

- _(1) 

— 

driver 

Passenger 

Es_ 

Bettes rai1 


Calgary distances (1982), 

in ft 

(m) 

(2) 

940 

(278) 

1,136* 

(346) 

820 

(250) 

2,110 

(643) 

1,100 

(335) 


Toronto distances (1967), 
in ft (m) 

(3) 

1,558 (475) 

977* (298) 

1,056 (322) 

1,135 (346) 

4,039 (1,231) 

2,086 (636) 

1,211 (369) 


passengers, 
t cars. 
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TABLE 4. — Comparison of Walking Distances by Cities 


Trip type 
(D 

Calgary distances (1982), 
in ft (m) 

(2) 

Chicago distances (1967), 
in ft (m) 

(3) 

To work 

965 (294) 

970 (296) 

To home 

2,110 (642) 

1,100 (335) 

To shop 

1,096 (334) 

900 (274) 

To business 

860 (262) 

980 (299) 

All-purpose 

1,100 (335) 

970 (296) 



The differences between each of the mean walking distances to and 
from the main modes of transportation are significant at the 0.05 level. 
Compared to transit-related walking distances in Washington, D.C., 
studied by Petersen (6), the mean walking distances in Calgary are ap- 
proximately twice as great. On the contrary, as seen from Tables 3 and 
4, the corresponding distances in Calgary are sometimes similar to and 
sometimes different from those of Toronto (3) and Chicago (8). 

This confirms that walking distances are not strictly a function of city 
size or the density of development, but are related to the transit and 
road network as well, and the overall transportation policies of a city. 
Note, however, that Calgary data relate to 1982, while the Toronto and 
Chicago studies were done in the late 60's. Nevertheless, for Calgary, 
the change in walking distance distributions for bus-to-work trips be- 
tween 1978 (4) and 1982 is insignificant. 

Trip Purpose. — This is defined according to the primary purpose of 
one's visit to the CBD. The majority of the sample analyzed consisted 
of either employees in the CBD or people visiting for business purposes- 
A fair proportion of tourists and shoppers was also sampled during on- 
peak periods. 

The trip purpose is a very important element in determining 
trian requirements. This element and the requirements can vary sign“ 
icantly, depending on the city. For example, Calgary is a major busin ^ 
center for the oil industry in Canada. Therefore, a high proportion^ 
people visit the CBD for business purposes. Unlike New York, New 
or London, England, the number of tourists is small. 

The needs fo the business people usually differ from those or 
employees. For instance, the former group prefers short-term p^ r 
near the destination, while employees would accept slightly 10 ° 


walking distances and require long-term parking. 

Visitors, on the other hand, are often transit users, or 
distances. In 


walk long® 

ft (305 w 


Calgary, shoppers walked an average of 1,000 ft l & 
ees walked 965 ft (294 m). In this instance the du ® 


while employees waiKea yoo ri (zy** m j. in tnis instance u*«- -■ - 
is not significant, since more than 70% of the shoppers were transi^ ^p. 


The transit network is heavily concentrated in the retail core (the 
ping area). 4# 0 r * 

From the cumulative distribution of walking distances in ^oft' 
can see how the changes depend on trip purpose. For exampl e '^ 
term parking is reduced or insufficient to meet the demand, 
people are likely to be severely affected. 


“,a 
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Purposes 

Age and Sex of Pedestrians. — The mean walking distance of males 
Hd females in the three age groups considered differed significantly at 
fte 0.05 level of significance. Similar differences were noted in New York 
ljShoppert & Herald (9), as shown in Table 5. However, no significant 
Hferences between the age groups for either sex are evident from the 
♦tributions of walking distances. The three cumulative frequency dis- 
Wbutions of males in the three age groups almost overlap, and so do 
HE female distributions. Therefore, it is reasonable to assume that the 
Rfeence is by sex and not by age. 

^Geographic Location.- — Different sites within the same CBD can have 
yfg nificant influence on walking distances. Walking distances could 
By from one location to the next, especially in a large city with a large 


female 

-ISMe 


TABLE 5.— Mean Walking Distances, by Age and Sex 



Percent of Trips 



group 

(yr) 

(2) 

Calgary 

(1982) 

(3) 

New York City 
(1971) 

(4) 

Mean pi/ 

Calgary 

(5) 

New York City 
(6) 

15-30 

14.5 

10.2 

1,000 (463) 

1,502 

30-50 

30.0 

35.1 

1,075 (475) 

2,044 

50+ 

5.6 

6.5 

1,185 (582) 

1,711 

15-30 

24.4 

28.8 

850 (424) 

1,608 

30-50 

21.3 

14.6 

915 (430) 

1,443 

50+ 

4.3 

4.2 

880 (416) 

1,244 

Overall 

49.1 

51.8 

1,050 (470) 

1,900 

J Overall 

50.9 

48.2 

750 (382) 

1,520 


0.305 m . 


deviation. 
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FIG. 5— Cumulative Frequency Distribution of Walking Distance at Different 
Locations 


CBD. The differences in average walking distances between cities, men- 
tioned earlier, could also be attributed to the characteristics of the sites 


within the CBD were the surveys were conducted. 

These differences can be clearly seen from the Calgary study. The 36 
interview locations shown in Fig. 2 were categorized in five groups for 
analytical purposes. The five groups were the retail core, the office core, 
the pedestrian-only mall, and the "plus 15" (elevated walkways 15 ft 
above the streets and sidewalks) systems in the office and retail cores. 

As shown in Fig. 5, the rate of change of the number of pedestrians 
with respect to walking distances in the retail core is quite different from 
that of the office core. The difference also increases or decreases with 
the trip type or trip purpose. 

Time of Day. — The trip type and trip purpose of the respondents 
changes with the time of day. For example, in the morning peak hourS/ 
most people are employees, while in the morning off-peak hours, 
majority are shoppers, visitors and business people. Since the walking 
patterns of these groups are different, there will be differences in t* 1 


distributions. 


These distributions may be used as guides for implementing p arKU ® 
policies. For example, there could be on-streeet parking closer to 
retail core during off-peak periods, or larger spacing for bus stops dum*® 
the peak hours because more people would accept relatively long* 1 


walking distances. 

Cost of Parking. — This variable was not considered in the Calgary 
However, several researchers found it to be a significant factor a ^ e TT )n 
walking distance. It is a complex variable to analyze. First, the 
of the value of time and other intangible costs arises. Secondly, 
of demand or the trip purpose will determine the degree to which 
ing distances are influenced by parking costs. For instance, if a j 7 talldti 
location caters to business people, the rate of change in walking J 
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with respect to cost would remain the same to a much higher cost than 
if the location catered to shoppers or regular employees. 

Critical Walking Distances 

Whatever the characteristic considered, there would be a "critical" or 
maximum distance that a person in a particular category would walk 
before finding an alternative route or a facility closer to his or her des- 
tination. These critical distances have been derived subjectively by sev- 
eral sources, but without much regard to the aforementioned types of 
factors. For instance, it has been suggested that CBD workers would 
walk a maximum of approximately 2,000 ft (610 m) if parking costs in 
the area are attractively low (5). There is no reference to the range of 
parking costs that may be considered attractive, or to the type of cus- 
tomer. Other researchers have specified average or median reasonable 
walking distances (7). 

Subjectively derived critical distances may lead to undesirable loca- 
tional decisions. For example, in the CBD of Halifax, Nova Scotia, there 
is somewhat of a surplus of off-street parking within the median walking 
distance from most major generators. However, a high number of park- 
ing tickets is issued by the City Police Department because of the short- 
age of on-street, short-term parking spaces. This may be because the 
J «Qrementioned factors were not considered during the planning stages. 
In other words, the types of trips generated by the CBD were not prop- 
'jody investigated prior to supplying the off-street parking. From one point 
fit view, the off-street parking was within acceptable walking distance, 
but, at another level, visitors and business people like much shorter 
'talking distances or on-street parking closer to their destinations. Fur- 
thermore, the bases for selecting the mean or median walking distance 
■8 the acceptable distance are not clearly evident from the literature. 
j^ 1 Three probability distributions were fitted to the observed walking dis- 
fcnce data from Calgary. The three distributions considered were nor- 
®j*I/ lognormal, and gamma. In most instances, the gamma distribution 
data best, as indicated by the chi-square values in Table 6, partly 
because of the highly positively skewed distributions shown in Fig. 6. 

U, by examining the goodness of fit, the form of the probability dis- 
“H^tion function can be determined from the available data, one could 
evaluate the critical walking distance for a given trip type. 

'or instance, cumulative frequency distributions, such as those shown 


6. — Parameters of Distributions Fitted to Bus-to-Work Trips In Calgary 

r ^^bution Parameters Goodness-to-fit 

( 2 ) ( 3 ) 

Normal Mean = 8 i 9 .29 ft X 2 = 25 




^m. 


1 


°8normal 


Parameters 

(2) 

Goodness-to-fit 

(3) 

Mean = 819.29 ft 

X 2 = 25 

Standard deviation = 571.33 ft 

d.f= 2 

m = 1/398.42 

X 2 = 5.8 

R = 2.06 

d.f = 3 

a = -6.953 

X 2 = 25.7 

B = 395.07 

d.f= 2 




Walking Distance 


FIG. 6.— Probability Distributions of Walking Distance 


Fl§ t s u 3 T 5 ' re P res fnt the proportion of people walking a distance shorter 
than the distance shown. Thus, the slope of the distribution at any given 
distance will give the number of the proportion of people that would be 
affected by a change in the walking distance. A closer examination of 
n rat6 ,f whlch the slo P e of the cumulative distribution is changing 
will enable one to determine the point at which this rate is maximum- 
At this maximum point, even a small change in walking distance will 

affect the greatest number of people, and is thus called the "critical" 
distance. 

This critical distance can be easily derived with basic calculus. For ex- 
ample as mentioned earlier, the walking distance distributions for most 
work-based trips follow a gamma distribution. Therefore, the slope of 
the cumulative distribution function F(x ) for some trip types will be the 
gamma distribution given by Eq. 1, when k is an integer: 

dF(x) m k x {k ~ l) e~"‘ x jJM 

dx (k — 1)! -j 

in which x = walking distance; and m and k are distribution parametej* 
Since the objective is to determine the maximum rate of change ot ™ 
slope, the second derivative of F(x) must be considered. 

) = w *(* ~ e- mx -x k ~' me ~ mx 4 

dx 2 (k ~ 1)! fl 
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To obtain the value of x that will maximize Eq. 2, the stationary points 
must be evaluated by setting its derivative equal to zero and solving for 
x. This procedure gives 

(k - 1) ± V(fr -!)-(*- 1)(* - 2) 


As an example, consider the bus-to-work trips. The gamma distribu- 
tion parameters for this trip type, as given in Table 6, are m = 1/398.4 
and k = 2.06. These values yield 796 ft when rounded off to satisfy the 
criterion that k is an integer, i.e., m = 1/398 and k = 2, and substituted 
in'Eq. 3. The critical distance is thus estimated at 796 ft (243 m) — mar- 
ginally smaller than the average walking distance of 819 ft (250 m) — 
because of the simplification of the parameters to illustrate the basis for 
calculating the critical distance. 

This procedure is applicable not only to walking distance distribu- 
tions, when represented by probability distributions. The distribution 
may be some polynominal function. The basis is to determine the point 
at which the slope is changing most rapidly. Furthermore, one need not 
start with the cumulative distribution function. The cumulative function 
was chosen here in order to keep the mathematics simple. One could 
®»n\ine the probability distribution function to determine the critical 
distance. 

With most forms of distributions, the critical distance will be less than 
Mf nearer the mean, and never as high as the 85th percentile. 

. The advantage of this probabilistic method is most evident when data 
limited. According to Bayesian statistical decision theory, the form 
°» the prior or initial distribution may be assumed by the designers, and 
P®a*neters may be estimated based on personal experience or the little 
BJWuiation available. When more information becomes available, it could 
V® c °mbined with the prior distribution parameters to obtain the up- 
or posterior distributions, which will be nearer the actual distri- 
(1). Until more information becomes available, one could derive 
■^critical distance using assumed parameter values. 

C°**CLU8lONS 

^■asportation facilities, such as parking lots, bus stops, etc., should 
^B*cated within acceptable walking distance from major generators, 
shops and offices. The acceptable walking distance will depend 
^■FFOrs such as trip type, trip purpose and time of day. 

^■7 “^tribution of walking distances related to each factor can be used 
^^KoUioe for determining the acceptable walking distance for a given 
tyP e - Instead of selecting an arbitrary value, the form of the 
«. 0n Is used as the basis for evaluating the acceptable distance. 
L^t at which the rate of change of the slope of the probability 


i 


ti 3t W “ 1C I 1 ra te of change of the slope of the probability 
n of walking distance or a function of walking distance is 
.'vould ^ the critical distance, beyond which most people would 

^ to walk. 

Krt >ti° n most appropriate for a locational decision may be se- 
* e planner or the engineer, depending on trip type, trip pur- 
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pose, time of day, or any other factor that may be significant to the 
facility. For example, the location of a new bus terminal will depend on 
the type of users or the trip purpose of the users. The critical distance 
would be lower if most users are employees in the area, than it would 
be if the majority of users were shoppers. 

The usefulness of this approach is enhanced by its applicability when 
information is limited. Where the form of the distributions is unknown, 
probability theory can be used to estimate the acceptable range of walk- 
ing distances and to determine the significance level for a chosen critical 
distance. This method accounts for people's needs and feelings because 
the distributions represent the propensity to walk; it contrasts ap- 
proaches incorporating arbitrary values. 
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Appendix II. — Notation 


The following symbols are used in this paper: 


dF{x)/dx 

d 2 F(x)/dx 2 


Fix) 

k 


m 

x 


first derivative of cumulative distribution functiod^ 
second derivative of cumulative distribution m 

F{X); . -His 

cumulative distribution function of walking a 

shape parameter of gamma distribution; 

scaling parameter of gamma distribution; arid 

walking distance. 
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An Analytical Method of Traffic Flow Using 
^ Aerial Photographs 


By Yasuji (tlakigami, 1 Hamao Sakamoto, 2 and Masachika Hayashi’ 
(RWlewed by the Urban Transportation Division) 


Abstract: The outline and results of an aerial traffic survey of an 800-m sec- 
tion of the Hanshin Expressway are described. The objectives of the study were 
to record congested traffic flow and to determine its causes. Traffic in the study 
t section was photographed by two 35-mm still cameras every 5 s for 1 h. All 
vehicles recorded in the southbound traffic flow were numbered and traced in 
order to project their trajectories in the time and space diagram. Speed and 
density contour diagrams were based on the theory of three-dimensional rep- 
resentation of traffic flow. The characteristics and causes of traffic congestion 
were analyzed using these diagrams. 

blTROOU ction 

Traffic congestion on urban expressways is a daily occurrence in al- 
most every major city in the world. This study deals with congestion in 
•he outgoing traffic on the Hanshin Expressway in Osaka, Japan. At- 
tention was focused on a bottleneck section of one of the six radial routes 
extending from the so-called Central Ring: Congestion extending up- 
•teeain from this section into the Central Ring affects the function of the 
entire network. In order to clarify the mechanism of this congestion, a 
^prehensive traffic survey was conducted using a series of aerial pho- 
W*Phs taken by helicopter, a video camera recording from the road- 
an d travel time measurements from a floating test vehicle. The study 
Jfrtion covers 800 m of the southbound lanes on the Sakai Line between 
me W est Osaka junction and the Tsumori on-ramp. 


*nuN E 


of Traffic Survey 


UJ® location of the study section is shown in Fig. 1. Daily congestion 
18 somewhere in the section around 10:00 a.m., and extends up- 
toward the Central Ring. The section was photographed in its 
every 5 s with a 35 mm still camera from a helicopter hovering 
^B^**“tude of 750 m. The traffic flow was recorded by a video camera 
^ihs j 0ac * s ^ e ' n order to check the accuracy of the data reduction 
derived from the aerial photographs. Also, a travel time survey 
meted us ing a floating test vehicle. 
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